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© 2011 The Japan Society of Histochemistry and We have recently shown that salivary gland myoepithelial cells express podoplanin.
Podoplanin indirectly binds the actin filament network which links classical cadherins. The
study here is aimed to investigate the expression of podoplanin and cadherins on salivary
gland myoepithelial cells and the changes in the aging cells using klotho-deficient (kl/kl) mice.
The submandibular glands of kl/kl mouse lack granular ducts which express klotho in wild
type mice, suggesting that klotho may be a gene responsible for granular duct development.
Although aging resulted in growth suppression of myoepithelial cells because of the sparse
distribution of the cells in kl/kl mouse salivary glands, the expression of podoplanin and E-
cadherin was shown in aging myoepithelial cells. It is thought that podoplanin participates
in the actin-E-cadherin networks which are maintained in aging myoepithelial cells. It was
also shown that granular ducts were filled with P-cadherin, and that the P-cadherin amount
was larger in the wild type mouse submandibular glands than in the sublingual and parotid
glands of wild type mouse, and in the submandibular glands of kl/kl mouse. These findings
suggest that the granular duct is an organ secreting soluble P-cadherin into the saliva.
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I. Introduction
Podoplanin is a mucin-type transmembrane glycopro-
tein first identified in kidney glomerular epithelial cells, the
podocytes [5]. It has been thought that podoplanin plays a
role in maintaining the shape of podocyte foot processes
and glomerular permeability [30]. Podoplanin is also well
known as a lymphatic endothelial cell marker [46]. The
podoplanin-deficient mice have defects in lymphatic forma-
tion but not in blood vessels. The podoplanin promoter
region lacks the TATA and CAT box but has a CpG island
with putative Sp1 and AP-4 sites [17]. Such promoters are
usually present at the 5'-flanking region of housekeeping
genes and CpG hypermethylation has been linked with their
transcriptional repression [17]. Nonetheless, podoplanin
expression is limited to certain somatic cells. The DNA
methyltransferase inhibitor reduces podoplanin mRNA in
podoplanin highly expressing osteosarcoma MG63 cells
having CpG hypermethylation but has no effect in podo-
planin low expressing osteosarcoma Saos-2 cells without
CpG methylation [17]. Therefore, it has been thought that
there is CpG methylation-dependent podoplanin transcrip-
tion enhancement based on chromatin structure modifica-
tions [17, 43, 51]. Podoplanin up-regulates a Ras homolog
gene family member A (RhoA)-GTPase activity resulting in
ezrin phosphorylation [37]. Podoplanin links and stabilizes
the phosphorylated ezrin mediating an anchorage of F-actin
to the plasma membrane [3, 9, 33]. The increase in cell
surface distribution of phosphorylated ezrin promotes the
actin cytoskeleton rearrangement by the development of
membrane-actin structures [3, 9, 33]. Therefore, podopla-
nin finally promotes a rearrangement of the actin filament
network by RhoA activation. The actin filament network
links classical cadherins through cytoplasmic α- and β-
catenin [1, 34]. Classical cadherins are single-span trans-
membrane proteins and carry the calcium-dependent cell-Amano et al. 268
cell adhesion through five extracellular calcium binding
repeats from apposed cells located primarily within adherens
junctions. Classical cadherins play a basic role in cell
recognition during embryogenesis, during which specific
expression patterns mark specific cell types and tissues [16].
The klotho-deficient (kl/kl) mouse is known as an
animal model that prematurely shows phenotypes resem-
bling human aging and age-associated diseases triggered by
klotho gene deficiency [32, 36]. The klotho gene deficiency
is caused by the insertion of ectopic DNA containing the
rabbit type I Na+-H+ exchanger into the 5' promoter region
of the klotho gene, resulting in the hardly expressed α-klotho
protein. Klotho protein acts as a calcium regulator which
transports Na+, K+-ATPase from intracellular organelles to
the cell surface. Although kl/kl mice appear normal at birth,
they show multiple age-associated disorders, such as arterio-
sclerosis, osteopolosis, skin atrophy, depletion of Purkinje
cells in the cerebellum, and infertility at 3–4 weeks of
age. The kl/kl mice die at around 2 months of age whereas
wild type mice live for approximately 3 years. The symp-
toms of aging in kl/kl mice indicate that klotho protein
contributes to a suppression of aging [32, 36].
We have recently shown that tooth germ epithelium
and salivary gland myoepithelium express podoplanin [19,
20, 23, 25, 39, 45]. In particular, immunohistochemistry on
salivary glands showed that the surfaces of both the mucous
acini terminal portion and ducts are covered by extensive
myoepithelial cellular processes expressing podoplanin.
Further, in an immunoelectron microscopy, a number of
reaction products with anti-podoplanin antibody were
present at the Golgi apparatus binding to the endoplasmic
reticulum in myoepithelial cell cytoplasm, and at the cell
membrane [20]. Since it has been established that podopla-
nin indirectly binds the actin filament which links classical
cadherins [3, 9, 33, 37, 51], it may be expected that the
podoplanin participates in the actin filament networks which
link classical cadherins of myoepithelial cells. However,
there has been no report on the relation of podoplanin and
cadherin expressions in salivary gland myoepithelial cells.
This study aimed to investigate the distribution of myoepi-
thelial cells expressing podoplanin and classical cadherins
in mouse salivary glands and its change with aging.
II. Materials and Methods
Immunohistochemistry
This study used tissues of parotid, submandibular, and
sublingual glands, and of tongue and testis of seven-week-
old male kl/kl mice and the wild type mice (n=5) (klotho/
Jcl, CLEA Japan, Inc., Tokyo, Japan), and the tissue of
mammary gland tissue of nine-week-old female ICR mice
with lactating (n=5) (CLEA Japan). The tissue was collected
after euthanasia by intraperitoneal injection with sodium
pentobarbital (10 ml/kg, Nembutal, Abbott Laboratories,
North Chicago, IL). The protocol for animal use was
reviewed and approved by the animal experiment committee
of Fukuoka Dental College in accordance with the principles
of the Helsinki Declaration. Frozen 10 μm sections were
cut in a cryostat and fixed in 100% methanol for 10 min
at  −20°C. The sections were treated with 0.1% goat or
rabbit serum for 30 min at 20°C and then the sections
were treated with 0.5 μg/ml of antibodies: monoclonal
hamster anti-mouse podoplanin (AngioBio Co., Del Mar,
CA), polyclonal rabbit anti-mouse α-smooth muscle ac-
tin (α-SMA) (Epitomics, Burlingame, CA), monoclonal rat
anti-mouse P-cadherin (R&D Systems Inc., Minneapolis,
MN), monoclonal rat anti-mouse E-cadherin (R&D Sys-
tems), polyclonal rabbit anti-mouse N-cadherin (Abcam,
Cambridge, UK), polyclonal rabbit anti-mouse VE-cadherin
(Abcam), and polyclonal goat anti-klotho peptide (LifeSpan
Biosciences, Inc. Seattle, WA), for 8 hr at 4°C. After the
treatment with first antibodies the sections were immuno-
stained for 0.5 hr at 20°C with 0.1 μg/ml of second anti-
bodies: Alexa Fluor (AF) 488 or 568-conjugated goat anti-
hamster, goat anti-rabbit, goat anti-rat, rabbit anti-goat, or
rabbit anti-rat IgGs (Invitrogen, Eugene, OR). The immuno-
stained sections were examined by fluorescence microscopy
BZ-8100 (Keyence Corp., Osaka, Japan) or laser-scanning
microscopy (LSM710, Carl Zeiss, Jena, Germany) with
a PlanApochromatic 60× oil immersion objective lens
(numerical aperture ×1.3).
Reverse transcription (RT)-PCR and real-time PCR
The total RNA extraction from tissue of the parotid,
submandibular, and sublingual glands of wild type mice,
and the submandibular glands of kl/kl mice was achieved
with a QIAshredder column and RNeasy kit (Qiagen, Inc.,
Tokyo, Japan). Contaminating genomic DNA was removed
using DNAfree (Ambion, Huntingdon, UK), and the RT was
performed on 30 ng of total RNA, followed by 25–30 cycles
of PCR for amplification using the Ex Taq hot start version
(Takara Bio Inc., Otsu, Japan) with 50 pM of primer sets:
mouse  β-actin (forward, 5'-GTTCTACAAATGTGGCTG
AGGA; reverse, 5'-ATTGGTCTCAAGTCAGTGTACAG,
411 bp), and mouse P-cadherin (forward, 5'-GCAGAAG
TCAGCGAGAAAGGAG; reverse, 5'-GGAGGATGAAA
CCACCCTTCCA, 199 bp) where the specificities had
been confirmed by the manufacturer (Sigma-Genosys Ltd.,
Cambridge, UK). The RT-PCR products were separated on
2% agarose gel (NuSieve; FMC, Rockland, ME, USA)
and visualized by Syber Green (Takara). The correct size
of the amplified PCR products was confirmed by gel
electrophoresis and amplification of accurate targets was
confirmed by sequence analysis.
To quantify P-cadherin mRNA generation, cDNA
samples were analyzed by real-time quantitative PCR. A
total of 1 μl of cDNA was amplified in 25 μl using
PowerSYBR Green PCR Master Mix (Applied Biosystems,
Foster City, CA, USA) in a Stratagene Mx3000P real-time
PCR system (Agilent Technologies, Inc., Santa Clara, CA,
USA), and the fluorescence was monitored at each cycle.
Cycle parameters were 95°C for 15 min to activate Taq
followed by 35 cycles of 95°C for 15 sec, 58°C for 1 min,
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curves were constructed from amplicons for both β-actin
and P-cadherin in three serial 4-fold dilutions of cDNA from
sublingual gland tissue. The β-actin or P-cadherin cDNA
levels in each sample were quantified against β-actin or P-
cadherin standard curves by allowing the Mx3000P software
to accurately determine each cDNA unit. Finally, P-cadherin
cDNA units in each sample were normalized to β-actin
cDNA units. The relative P-cadherin gene expression units
were expressed as arbitrary units, calculated according to
the following formula: relative P-cadherin gene expression
units = P-cadherin cDNA units/β-actin cDNA units.
Western blot
Tissues of the parotid, submandibular, and sublingual
glands of wild type mice, submandibular gland of kl/kl mice,
and mammary gland of female ICR mice with lactating
were solubilized in 1 ml of cell lysis buffer (Cell Signaling
Technology, Inc., Danvers, MA). The lysate of whole cell
protein (1 mg/ml) was mixed with an equal volume of sam-
ple buffer (Bio-Rad Laboratories Inc., Hercules, CA). A 20-
μl volume of sample was loaded on 15% polyacrylamide gel
by electrophoresis with Mini-protean III (Bio-Rad), and
the separated proteins were transferred onto a PVDF mem-
brane (Invitrogen Life Technologies, Carlsbad, CA). After
blocking of the PVDF membrane by 0.1% goat serum for
2 hr at 20°C, the membrane was treated with monoclonal
rat anti-mouse P-cadherin (R&D) and with 1 ng/ml of
peroxidase-conjugated goat anti-rat IgG, and then visual-
ized by the substrate of Vector Elite ABC kit and Vector
VIP kit (Vector Laboratories, Burlingame, CA) or Immun-
Star WesternC Chemiluminescence kit (Bio-Rad), and
scanned by the image analyzer LAS-3000 mini (Fujifilm
Corp., Tokyo, Japan).
Statistics
All experiments were carried out five times, repeatedly,
and data are expressed as mean±SEM. The statistical sig-
nificance of differences (p<0.001) was determined by one-
way ANOVA with STATVIEW 4.51 software (Abacus
Concepts, Calabasas, CA, USA).
III. Results
Immunohistochemical examination on klotho and 
myoepithelial markers in mouse salivary glands
The size of body and submandibular glands are
significantly smaller in kl/kl mice than in wild type mice at
seven weeks after birth (Fig. 1). In the immunohistochem-
istry for the mouse tissue, lingual blood vessels were
immunostained with anti-α-SMA without cross reaction to
lingual mucous epithelia or intrinsic lingual muscle. An anti-
E-cadherin reacted with lingual mucous epithelium at cell-
cell contacts and an anti-P-cadherin reacted with mammary
gland epithelia and milk (Fig. 2). In the immunostaining
for podoplanin and α-SMA on the submandibular glands,
myoepithelial cells around acini and ducts were stained with
both anti-podoplanin and anti-α-SMA. In the kl/kl mice,
there were no granular ducts and the size of acini was
significantly smaller than in wild type mice. The region of
myoepithelial cells immunostained by both anti-podoplanin
and anti-α-SMA around acini and on the basal side of ducts
was smaller and more sparsely in the submandibular gland
lobule of kl/kl mice than in the wild type mice (Fig. 3).
Further, there were many portions stained with anti-α-SMA
but not with anti-podoplanin in the acini, ducts, and blood
vessels of submandibular gland (Fig. 3). In the immunostain-
ing for klotho protein on the wild type mouse testis and
major salivary glands, reaction products with anti-klotho
were found on Sertoli nursing cells, spermatid, and sper-
matogonia, and only granular ducts were stained with anti-
klotho on the basal side of duct cells while acini, and striated,
intercalated, and intralobular ducts were not stained with
anti-klotho in any of the salivary glands (Fig. 4).
Fig. 1. Macroscopic differences of submandibular glands between kl/kl and the wild type mice. Size of body and submandibular glands are
significantly smaller in the kl/kl mice than in wild type mice at seven weeks after birth. Bar=25 mm (left) and 10 mm (right).Amano et al. 270
Fig. 2. Immunostaining for α-SMA, and E-/P-cadherins of mouse tongue and breast. The H-E staining shows the lingual mucosa and mammary
gland with lactating. Reaction products with anti-α-SMA are observed on blood vessels in tunica muscularis (arrows) and on mammary
gland epithelia (arrowheads), whereas no cross reaction is observed on the lingual mucous epithelia and the intrinsic lingual muscle. Reaction
products with anti-E-cadherin (upper figure) are observed on the lingual mucous epithelia at cell-cell contacts with no cross reaction in the
tunica muscularis. Reaction products with anti-P-cadherin (lower figure) are observed on mammary gland epithelia as well as on milk in the
latex ducts (asterisk). Bar=100 μm.
Fig. 3. Immunostaining for podoplanin and α-SMA of mouse submandibular glands. The H-E staining shows that terminal secretory end pieces
are composed of seromucous acinar cells with basophilic cytoplasm, and that striated ducts (SD) are composed of columnar cells with acidopilic
cytoplasm in both kl/kl mice and wild type mice. In kl/kl mice, there are no granular ducts (GD) and the size of acini is significantly smaller
than in wild type mice at seven weeks of age. The region of myoepithelial cells around acini and the basal side of ducts, which reacted with both
anti-podoplanin and anti-α-SMA, is smaller and more sparsely in the submandibular gland lobule of kl/kl mice than in the wild type mice
(arrows). More regions are immunostained with anti-α-SMA than with anti-podoplanin in both kl/kl mice and the wild type mice. The inside of
acinar cells (asterisks) and the luminal side of striated ducts (arrowheads), and blood vessel walls (arrowhead) are reacted with anti-α-SMA, but
not with anti-podoplanin. Bar=100 μm.Podoplanin and Cadherins in Salivary Gland of Klotho Mice 271
Fig. 4. Immunostaining for klotho protein on mouse testis and major salivary glands. The H-E staining shows testis and acini of the three
major salivary glands of wild type mice. In the testis reaction products with anti-klotho are found on Sertoli nursing cells (arrows), spermatid
(arrowheads), and spermatogonia (asterisks). Reaction products with anti-klotho are not found on acinar cells in any of the salivary glands
(asterisks). Reaction products with anti-klotho are also not found on striated ducts (SD) with acidopillic cytoplasm, and on intercalated ducts
(IC), having a narrow lumen surrounded by cuboidal cells, but are found on a basal side of granular ducts (GD) (arrowhead). Bar=100 μm.
Fig. 5. Immunostaining for podoplanin and E-cadherin of submandibular glands. The H-E staining shows terminal seromucous acini and striated
ducts (SD) in kl/kl and wild type mice, and granular ducts (GD) in wild type mice. The region of myoepithelial cells around acini and ducts was
immunostained with anti-podoplanin, and with anti-E-cadherin in both kl/kl and wild type mice (arrows). Epithelial cells of acini and ducts
were also stained with anti-E-cadherin at cell-cell contacts where reaction products with anti-podoplanin were not found in kl/kl or wild type
mice (arrowheads). Bar=100 μm.Amano et al. 272
Fig. 6. Immunostaining of E-cadherin and
P-cadherin in mouse major salivary glands
of wild type mice. The H-E staining shows
that the parotid gland of which terminal
secretory end pieces of acini are composed
of serous pyramidal cells and the striated
duct (SD) are composed of columnar cells
with acidopillic cytoplasm, the subman-
dibular gland with basophilic seromucous
acinar cells and granular ducts (GD), and
the sublingual gland of which terminal
secretory end pieces are composed of
mucous-filled acinar cells. In all salivary
glands, reaction products with anti-E-
cadherin (arrows) are found at the area of
myoepithelial cells around acini and ducts,
and at cell-cell contacts of epithelial cells
of acini and ducts. Reaction products with
anti-P-cadherin (arrowheads) are found in
nuclei, and around acini and ducts weakly
in both parotid and sublingual glands while
in the submandibular gland, granular ducts
(GD) are filled with strong reaction
products with anti-P-cadherin (arrow-
heads). Bar=100 μm.
Fig. 7. Immunostaining of E-cadherin and
P-cadherin in mouse major salivary glands
of kl/kl mice. Reaction products with anti-
E-cadherin (arrows) are found at the area
of myoepithelial cells around acini and
ducts, and at cell-cell contacts of epithelial
cells of acini and striated ducts (SD)
whereas reaction products with anti-P-
cadherin are found in nuclei, and around
acini and ducts weakly (arrowheads). Bar=
100 μm.Podoplanin and Cadherins in Salivary Gland of Klotho Mice 273
Immunohistochemical examination on E-cadherin and 
P-cadherin in mouse salivary glands
In the mouse submandibular gland, myoepithelial cells
around acini and ducts were immunostained with anti-
podoplanin and anti-E-cadherin in both kl/kl and wild type
mice (Fig. 5). Epithelial cells of acini and ducts were also
stained with anti-E-cadherin at cell-cell contacts where anti-
podoplanin did not react (Fig. 5). In the parotid, subman-
dibular, and sublingual glands of the wild type mice, reaction
products with anti-E-cadherin were found on myoepithelial
cells around acini and ducts, and at cell-cell contacts of
acinar and duct epithelial cells (Fig. 6). Reaction products
with anti-P-cadherin were present in nuclei, and around acini
and ducts weakly in both parotid and sublingual glands while
granular ducts were filled with strong reaction products with
anti-P-cadherin in the submandibular gland (Fig. 6). In all
major salivary glands of the kl/kl mice, reaction products
with anti-E-cadherin were present on myoepithelial cells
around acini and ducts, and at cell-cell contacts of epithelial
cells of acini and ducts while reaction products with anti-
P-cadherin were weakly present in nuclei and around acini
and ducts (Fig. 7). In submandibular glands of kl/kl mice,
there were no structures filled with reaction products with
anti-P-cadherin like wild type mice because of the lack of
granular ducts in kl/kl mice.
P-cadherin mRNA and protein production in mouse salivary 
glands
In the RT-PCR analysis, no PCR products were detected
from the tissue of the wild type mouse sublingual and parotid
glands, or from the tissue of kl/kl mouse submandibular
glands while it was detected from tissue of the wild type
mouse submandibular glands (Fig. 8). In real-time PCR
analysis, the P-cadherin mRNA amount in the total RNA
extracts from tissue was significantly larger in the subman-
dibular glands of wild type mice than in the sublingual and
parotid glands of wild type mice, or in the submandibular
glands of kl/kl mice (Fig. 8). In western blot analysis, the
P-cadherin protein band transferred on the PVDF membrane
was detected from the tissue of wild type mouse subman-
dibular gland and mammary gland (Fig. 8).
IV. Discussion
Myoepithelial cell distribution in kl/kl mouse salivary glands
In this study, the sizes of both the body and subman-
dibular glands were significantly smaller in kl/kl mice than
in wild type mice at seven weeks of age (Fig. 1). It is thought
that the growth suppression involved in premature aging
affects the size of the acinar lobules [32, 36]. We have
recently shown that the salivary gland myoepithelium
expresses podoplanin as well as α-SMA which is a well-
established myoepithelial cell marker [4, 14, 19, 20, 38]. In
this study, an anti-α-SMA reacted to blood vessels without
cross reaction to mucous epithelia or muscle cells, anti-E-
cadherin reacted to mucous epithelia at cell-cell contacts
without cross reaction to muscle cells, and anti-P-cadherin
Fig. 8. P-cadherin mRNA and protein production in tissue of mouse
salivary glands. (A) RT-PCR analysis: PCR products for β-actin
mRNA are shown in the upper panel and for P-cadherin mRNA in
the lower panel. No RT-PCR products of P-cadherin were detected
from the tissue of wild type mouse sublingual glands (SLG) and
parotid glands (PG), or from the tissue of kl/kl mouse subman-
dibular gland (SMG) whereas they were detected from tissue of
wild type mouse submandibular gland. MW, molecular weight
marker. (B) Real-time PCR analysis. Relative mRNA amounts
are expressed in arbitrary units. The P-cadherin mRNA amount in
total RNA extracts from tissue is significantly larger in the sub-
mandibular gland (SMG) of wild type mice than in the sublingual
(SLG) and parotid glands (PG) of wild type mice, and in SMG of
kl/kl mice. *Statistically significantly difference. (C) Western blot
analysis. The P-cadherin protein band (110 kDa) transferred onto
the PVDF membrane was detected from the tissue of wild type
mouse submandibular gland (SMG) and mammary gland with
lactating (MG), but not from wild type mouse sublingual (SLG)
and parotid glands (PG), or from SMG of kl/kl mice.Amano et al. 274
reacted to mammary gland epithelia and to milk without
cross reaction to muscle cells (Fig. 2), as previously reported
[4, 8, 14, 16, 19, 20, 42, 48]. In the immunostaining for
podoplanin and α-SMA on submandibular glands, myoepi-
thelial cells which distribute around acini and the basal side
of ducts were stained with both anti-podoplanin and anti-α-
SMA, and anti-α-SMA also reacted to the smooth muscle
of blood vessel walls (Fig. 3). These findings indicate that
the specificities of the immunostaining for podoplanin were
successfully achieved on salivary gland myoepithelial cells.
The double stained area with anti-podoplanin and anti-α-
SMA was smaller and less dense in lobules of kl/kl mice
than in the wild type mice (Fig. 3). It seems that the system-
ic metabolism suppression with aging results in a growth
suppression of myoepithelial cells which induces atrophy to
the major salivary glands (Figs. 1, 3). Further, the inside of
acinar cells and the luminal side of ducts reacted with anti-
α-SMA, but not with anti-podoplanin (Fig. 3). The inside
of acinar cells and the luminal side of ducts are regions
without myoepithelial cells in the salivary glands [38].
Although α-SMA is a well-established myoepithelial cell
marker, it has been conjectured that anti-α-SMA causes
cross reaction to the actin universally present in cells [4, 14,
20]. The specificity of anti-podoplanin to myoepithelium
may be better than that of anti-α-SMA.
The kl/kl mice lacked granular ducts in the subman-
dibular gland [49]. The granular duct is a characteristic
structure situated between the intercalated duct and the
striated duct in mature rodent submandibular glands, and is
controlled by sympathetic innervation [15, 27, 28]. The
postnatal conversion of the striated duct into the granular
duct occurs under multihormonal regulation [6, 12, 28, 29,
31, 44]. The formation of the granular duct begins at four
weeks of age. In male mice the granular duct reaches adult
status at seven weeks of age whereas in female mice the
granular duct distribution at eight weeks of age are at the
level of male mice at five weeks of age [2, 6, 10, 11]. In
the immunostaining for klotho protein on wild type mouse
testis and major salivary glands, Sertoli cells were stained
by anti-klotho as previously reported [22, 26] while acini
and ducts other than the granular duct were not stained with
anti-klotho in any of the major salivary glands (Fig. 4).
Interestingly, only granular duct cells expressed klotho
protein on the basal side and kl/kl mice showed defects in
the development of granular ducts (Figs. 4, 5). Klotho is a
calcium regulator which transports Na+, K+-ATPase from
intracellular organelles to the cell surface [32, 36]. The
immunostaining suggests that klotho is a gene responsible
for the granular duct development dependent on Na+, K+-
ATPase transports in the rodent.
Expression of classical cadherins in salivary glands
Classical cadherins mediate the calcium-dependent
cell-cell adhesion at adherence junctions and combine
cytoplasmic β-catenin which binds to α-catenin linking actin
filaments. Among classical cadherins, E-cadherin plays a
key role mainly at adherence junctions between epithelial
cells; P-cadherin plays a role in cell adhesion and has
unknown functions in the decidua of the placenta and in
mammary gland epithelial cells; N-cadherin functions to
form neural tubes and is expressed in the nerve sheath, and
also in the intercalated disk of cardiac muscle; and VE-
cadherin plays a key role in vascular permeability of blood
vessels at adherence junctions [7, 16, 21, 40, 47]. In this
study, no immunoreaction with either anti-VE-cadherin or
anti-N-cadherin was found in myoepithelial cells around
acini and ducts (data not shown). The expressions of
podoplanin and E-cadherin were found in myoepithelial
cells around acini and ducts in the submandibular glands
of both kl/kl and wild type mice (Fig. 5). Podoplanin links
phosphorylated ezrin mediating an anchorage of F-actin
to the plasma membrane. Actin filament also links classical
cadherins through cytoplasmic α- and β-catenins [1, 16, 18,
34, 37, 41, 51]. Therefore, it is thought that podoplanin
participates in actin filament networks linking E-cadherins
in myoepithelial cells. In the submandibular gland of wild
type mice, E-cadherin was also expressed on neighboring
epithelial cells of acini and ducts at cell-cell contacts where
there were no reaction products with anti-podoplanin
(Fig. 5). In parotid and sublingual glands of wild type mice,
E-cadherin was expressed on epithelial cells of acini and
ducts at cell-cell contacts as well as the submandibular
gland (Fig. 6). It is thought that E-cadherin acts as an adhe-
sion molecule and as a mediator of the actin cytoskeleton
networks at adherence junctions at cell-cell contacts in
salivary gland epithelial cells. The expression of P-cadherin
was seen in nuclei of epithelial cells in mammary glands
(Fig. 2) and salivary glands (Fig. 6). P-cadherin may play
roles other than for adhesion molecules such as in signal
transduction [8, 21, 35, 42, 48]. In all major salivary glands
of both kl/kl and the wild type mice, E-cadherin was
expressed on epithelial cells of acini and ducts at cell-cell
contacts (Figs. 6, 7), suggesting that the ability to express
E-cadherin remains in aging salivary gland epithelia.
Interestingly, granular ducts were filled with reaction
products with anti-P-cadherin in the wild type mouse
submandibular gland (Fig. 6) whereas in the major salivary
glands of kl/kl mice, there were no structures filled with
reaction products with anti-P-cadherin because of lack of
granular ducts in kl/kl mice (Fig. 7). In the analysis of P-
cadherin mRNA and protein expression in the mouse major
salivary gland, no RT-PCR products were detected in tissue
of wild type mouse sublingual and parotid glands, or in the
tissue of kl/kl mouse submandibular glands while it was
detected in tissue of the wild type mouse submandibular
gland. In real-time PCR analysis, the P-cadherin mRNA
amount in the total RNA extracts from tissue is significantly
larger in the submandibular gland of the wild type mice than
in the sublingual and the parotid glands of wild type mice,
or in the submandibular gland of kl/kl mice (Fig. 8). Further
in the western blot analysis, P-cadherin protein of 110 kDa
was detected from wild type mouse submandibular gland,
and from mammary gland as the positive control [35, 48].
These findings suggest that the granular duct is an organPodoplanin and Cadherins in Salivary Gland of Klotho Mice 275
secreting soluble P-cadherin into the saliva. The well-known
function specific to granular ducts is the hormone-dependent
production of nerve growth factor and epidermal growth
factor in male mice at three weeks of age and in female
mice at four weeks of age [11, 13, 50, 52]. It has been
reported that P-cadherin is secreted in milk by epithelial
cells in lactating mammary glands whereas in non-lactating
mammary glands P-cadherin is localized to myoepithelial
cells [48]. The P-cadherin and E-cadherin genes are tightly
linked on mouse chromosome 8 and soluble E-cadherin
plays a role in the epidermal growth factor receptor-mediated
activation of both the phosphoinositide-3 kinase signaling
pathways [21, 24]. The soluble P-cadherin secreted in saliva
and milk may act as a signaling molecule or a ligand playing
roles other than in cell adhesion in rodent intestines.
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